The plasma membrane of mouse pancreatic fl-cells has been shown to contain both adenylate cyclase and phosphodiesterase (Davis & Lazarus 1972) . The presence of these enzymes suggests that 3', 5' cyclic AMP plays a role in insulin secretion. The most likely effector site of 3', 5' cyclic AMP is a protein kinase. The purpose of this study was to identify the presence of a protein kinase in the plasma membrane and to determine the factors modulating the activity of this enzyme.
Plasma membranes were prepared from cod Brockmann bodies by two methods: (1) Differential centrifugationthe plasma membrane was identified by enzyme marker studies. (2) The method of Kiehn & Holland (1970) . Mouse islets were prepared by collagenase digestion and the membranes prepared by differential centrifugation in a manner similar to that used for the cod Brockmann bodies.
The protein kinase assay was based on the method of Kuo et al. (1973) . It was found that there was a protein kinase present in the plasma membrane (mol.wt. 166 000). The protein kinase was stimulated by 3', 5' cyclic AMP. The effect of 3', 5' cyclic AMP was abolished by specific 3', 5' cyclic AMP antibody. Glucose-6-phosphate and phosphoenolpyruvate were also stimulators of the enzyme. Other hexose and pentose phosphates were without effect. Ouabain, a Na+/K+ ATP inhibitor also stimulated phosphorylation but only at concentrations of ATP that were below saturating for the protein kinase (Table 1) . Mouse islet plasma membrane protein kinase was also stimulated by cyclic AMP and glucose-6phosphate.
The nature of the membrane components phosphorylated by the membrane bound protein kinase were studied. Membranes labelled with y32P using ATP as substrate were fractionated on G-200 Sephadex and gave three radioactive peaks. Peak 1 mol.wt. 320 000; peak 2 mol.wt. 80 000; peak 3 mol.wt. 40 000. This pattern was consistent irrespective of whether the protein kinase had been stimulated by glucose-6-phosphate, phosphoenolpyruvate, cyclic AMP or ouabain. On polyacrylamide gel electrophoresis peaks 1 and 2 had identical mobilities suggesting they were composed of the same subunit species. Peak 3 was more electropositive and appeared to be a different species.
Cod insulin is stored in ,8-granules and synthesized via proinsulin (Grant & Reid 1968) . The :-granules of other fish (Lophius americanus) are similar in structure and behaviour to rat granules (Sorenson et al. 1969 , Lindall et al. 1963 . It may be supposed, therefore, that the mechanism of ,B-granule extrusion is similar. In addition the plasma membrane protein kinase of cod and mouse behave similarly.
These results suggest that cod islets provide a convenient model in which to try and understand the mechanism of insulin release.
The data obtained allow a hypothesis to be proposed concerning those reactions that may be responsible for the extrusion of the fl-granule at the plasma membrane. There is a protein kinase present in the fl-cell membrane. This protein kinase is stimulated by cyclic AMP, the concentration of which is closely regulated in the plasma membrane by the presence of the cyclase and phosphodiesterase enzymes. Substances that cause insulin release and stimulate the cyclase need not necessarily cause a rise in intracellular cyclic AMP levels.
The protein kinase is also stimulated by glucose-6-phosphate and phosphoenolpyruvate. It is suggested that glucose, the most potent physiological insulinogogue exerts its effect via these two intermediates. Finally, the finding that ouabain is also capable of causing increased protein kinase activity suggests that the enzyme can also be regulated via the availability of ATP. It is possible that there exists a membranal ATP pool the size of which is controlled (Reporter 1972) .
The significance of the phosphorylated substrates in the membrane is unknown, but it is suggested that they play a role in the mechanism responsible for the extrusion of the ,B-granule.
[A fuller account of this work appears elsewhere (Lazarus & Davis 1974 ).] Dr R J Jarrett (Department ofMedicine and Community Medicine, Guy's Hospital Medical School, London SEI 9RT)
Patterns of Insulin Secretion in Man
In discussing plasma insulin levels in man, it is necessary to bear in mind that peripheral arterial or venous concentrations may be very much lower than that in the portal vein (Blackard & Nelson 1970) . Thus the liver is exposed to much higher concentrations than the peripheral tissues. Perhaps the most important factor affecting the level of insulin, both in the fasting state and in response to insulinotropic stimuli, is the degree of adiposity (Karam et al. 1965 , Abrams et al. 1969 ). However, even in very obese individuals, exercise can reduce insulin levels without altering glucose tolerance or the degree of obesity (Bjorntorp et al. 1970) . Other factors determining the insulin response to a glucose load are the size of the load (Castro et al. 1970 , Christensen et al. 1972 and the time of day (Jarrett et al. 1972 , Carroll & Nestel 1973 . There may also be a diurnal variation in fasting levels of insulin (Freinkel et al. 1968 ). Glucose given by mouth results in a greater insulin response than an equivalent load given intravenously (McIntyre et al. 1964 ) and one or more gastrointestinal hormones may be involved in augmenting the insulin response.
Insulin secretion in relation to diabetes and prediabetes is a controversial topic and has been confounded by the problem of associated obesity and by the lack of precise definition of diabetes itself. The abnormality of insulin release most commonly associated with diabetes is a delayed rise in insulin after a glucose stimulus (Kipnis 1968) . It has been claimed that this abnormality is also associated with a genetic predisposition to diabetes (Cerasi & Luft 1970) . However, several recent investigations have shown that the insulin response, whether total or early, is inversely related to the degree of hyperglycwmia (Chiles & Tzagournis 1970 , Reaven et al. 1971 , Johansen 1972 . Thus, a delay in insulin release is associated with abnormal glucose tolerance only when this is relatively greatperhaps above a threshold level. Clearly, there are individuals with normal glucose tolerance and a delayed or low insulin response compared with the mean, but whether this has any relation to subsequent development of overt diabetes has yet to be demonstrated.
